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1 Introduction

The transportation sector in Vermont is the largest user of energy and the largest
source of greenhouse gas (GHG) emissions in the state (USEPA, 2009; VTrans,
2008). The combination of rural land use patterns and limited public transit make
residents heavily reliant on passenger-cars and result in long single -occupant
vehicle trips in Vermont. The large percentage of GHG emissions generated by the
transportation sector makes it an important target within the state for emissions -
reduction efforts (VDPS, 2011).

There are a number of driver behavior-based strategies that have been used to

reduce GHG emissions by drivers. These strategies together are  often referred to as
oed@aivingd and they include reducing idling, reduc
deceleration, reducing speed on highways, keeping tires inflated, keeping the engine

tuned -up, and removing excess cargo. As of 2012, 21 states (including Vermont )

have statewide idling laws that cover at least trucks, with five states (Connecticut,

Hawaii, Maryland, Massachusetts, and Virginia) including all motor vehicles in

their idling restrictions (IFVT, 2012).

In an effort to reduce energy use and GHG emissions, and to ensure the health of

Vermont &8s schoolchil dren, the state presently has
school busses for more than 5 minutes (VDOE, 2007), while its largest city,

Burlington, has a law prohibiting idling of any vehicle for more than 3 minutes

(BVCO, 2012). Th eselaws reflect a growing recognition that idling is a wasteful

activity and not in keeping with Ver monrisnersd sense
and frugality. The impacts of idling on vehicle drivers include poor air quality for

them and their passengers, incr eased engine wear, and increased fuel use. Idling for

1 hour can burn up to 0.5 gallons of gasoline (Taylor and Eng, 2003), and emit 19.4

Ibs of CO2 (USEPA, 2005). Reducing fossil fuel consumption is important not only in

terms of emissions but also in ter ms of personal and state economics. At least 80

cents of each dollar spent on gas in Vermont leaves the state economy (USEIA,

2010; Tax Foundation, 2010).

While real -time information on idling behavior of long -haul trucks, motor coaches
and buses are readily available, similar data on idling behavior of passenger
vehicles (PVs), including light -duty cars and trucks, is scarce. A series of studies by
Natural Resources Canada found that drivers self -reported only about 8 minutes of
idling behavior per day, b ut were observed idling between 1.5 and 3 minutes per

stop (NRC, 1998; NRC, 2001). Using an average number of stops per day of about 5
(Aultman -Hall et al., 2010), it is possible that self -reports of normal idling time (8
minutes per day) may be underestim ating true normal idling time by up as much as
7 minutes per day . This finding suggests that direct vehicle instrumentation may

be necessary to accurately assess the prevalence of idling. A study by members of
the Vermont TRC team of over 250 PVs in the L exington, Kentucky region showed
the time a vehicle was idle to be about 24% of total vehicle operating time

(Aultman -Hall et. al., 2010). Others have found that vehicles use about 30 percent

of their fuel while idle (Jurgen, 1995). The National Household Travel Survey
(NHTS) routinely finds that drivers travel for about 60 minutes a day (Hu and
Reuscher, 2004), but a study by the USEPA has shown that light -duty -vehicle
owners tend to have their cars running for about 80 minutes a day (USEPA, 2010).



The dif ference between the operating time and the actual travelling time comes to
about 25%. Eliminating this idling, then, could save about 0.13 gallons of fuel per
day per driver in Vermont, or a total of over $63 million, 22.5 million gallons of fuel,
and 840 million pounds of CO 2 emissions per year.

A better understanding of PV idling behavior in Vermont will help policymakers
develop targeted strategies to reduce this behavior. There are presently no
published surveys on the reasons behind idling behavior in ~ Vermont. Aside from the
study by Natural Resources Canada, there is little  measured data on the
effectiveness of the strategies that will reduce idling by  PVs, in Vermont or
elsewhere. The primary goal of this project is to provide this improved

understan ding, including the variations in PV idling behavior in urban and rural
settings , between demographic groups, and by season.

From a policy perspective , it is important to be able to distinguish between
discretionary idling events , which are directly contr olled by individual drivers , and
non-discretionary idling caused by conditions such as congestion and traffic control
devices, that are external to the driver & control, as different interventions may be
required to reduce the duration and frequency of ea ch. Discretionary idling events,
for example, could be reduced with additional anti-idling ordinances (IFVT 2012 )
and driver education programs such as eco-driving (Barkenbus 2010 ). Reducing non-
discretionary idling, in co ntrast, may depend on factors such as retiming signals,
reducing congestion or improving vehicle-routing. Since few previous studies have
attempt ed to make this distinction, new definitions  of, and methods for, identifying
discretionary and non-discretionary idling were developed with in this project .

In this study, reduction of time a vehicle is idling in traffic on the roads (non-
discretionary idling) was not considered as a feasible strategy fo r fuel and emissions
reductions for two reasons. The first is that the most ambitious anti  -idling
recommendations assume that the vehicle operator has no control over this type of
idling behavior (IFVT, 2012). The second reason is that some of the most recent
studies from the international research community have begun to suggest that

efforts t o restrict idling in traffic will compromise the safety of the vehicle operator

and passengers (Jou et. al., 2011). The time a vehicle spen ds idling while stationary
in traffic was categorically distinguished as non-discretionary idling for the
purposes of this project. Idling out of traffic occurs primarily at trip -start s or trip -
ends. Trip -start idling occurs after the engine has been started (key -on) and before
the vehicle moves for the first tim e. Trip -end idling events occur once a vehicle has
arrived at its destination and before the engine has been t urned off (key -off). In the
case of trip tours or chaining, trip -end idling events can occur at intermediate

destin ations and thus multiple trip -end idling events may occur in an op erating -
period between key-on and key -off. The duration of trip -start or trip -end idling,
while it cannot be completely eliminated, is almost entirely controlled by the driver

and thus will be categorically considered as discretionary idling .

Distinguishing trip ends in  in-vehicle GPS data streams is a well -recognized
challenge. While times of zero velocity can be easily identified, determining

whether these time periods are associated with traffic control and congestion or an
intermediate trip end requires use of addit ional logic and data processing. Other
research has shown th e importance of heading -change in the identification of trip
starts, trip ends, and discretionary idling ( Stopher et. al., 2003; Aultman -Hall et.
al., 2005). In-vehicle GPS data loggers often omit times when the vehicle is stopped
from saved records to conserve data storage on the device. This omission as well as
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the presence of true zero-velocity time periods while traveling complicates the
identification of discrete trips, often requiring heuris tic processing (Aultman -Hall
et. al., 2005). These processing steps include identification of instances (shown in
Figure 1) where:

1 The vehicle traverses a single point twice in a relatively short period of time,
with a heading change of approximately 180 d egrees; and

1 The vehicle leaves the roadway.
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Figure 1 Steps to Identify Discrete Trips from GPS Data (from Aultman  -Hall et. al., 2005)

In travel demand analysis, a discrete trip is distinguished by a specific purpose or
stop when the driver or passenger undertakes an activity. Especially, when the
purpose or activity is of a short duration, the engine might be left on with the
vehicle idle at these intermediate trip ends . The critical distinction is between the
end of one trip and the beginning of another. Making t hat type of distinction within
the GPS data stream is not difficult for trip ends where the key-on and key-off
markers can be used . However, the identification of the ends of sub -trips between
key-on and key-off, where the vehicle has left the roadway to park and idles before
starting to move again , are critical to include when distin guishing between
discretionary and non -discretionary idling. Therefore, a n adapted method was
developed utilizing heading chang e and was used in this project to distinguish trips
ends and thus between discretionary and non -discretionary idling

This report includes the results and description of Year 1 of this project. While the
overall goal of the project is to better understand the potential for reductions in fuel
use and emissions that could result from a reduction or elimination of discretionary
idling in Vermont, the Year 1 study was primarily intended to pilot -test the in-
vehicle equipment and data collection as well as a comprehensive analysis method
for assessing driver idling behavior for Vermont drivers.

The scope of Year 1 included the collection and analysis of second -by-second data on
the driving behavior of 20 randomly selected drivers in Vermont, for a pilot -scale
application of new method s to distinguish between discretionary and non -
discretionary idling by PVs in Vermont. By collecting data in summer and winter
the project team developed an initial understanding of the seasonal differences in
idling behavior during this project phase . A more in -depth understanding of the
spatial and demographic differences in idling behavior  throughout the state is



expected to follow in Year 2, along with an estimate of total fuel used and carbon
emitted from discretionary idl ing by Vermont drivers

Section 2 of this report includes a description of the testing and selection of

equipment for the study, along with the approach to securing institutional review

board (IRB) approval for research involving human subjects and recrui ting

volunteer drivers . Recruit ment included an -on-line survey . Section 3 describes the

process used for data collection, including instrumentationof t he v ol unteers?d
vehicles, as well as downloading and tabulating their data. Section 4 contains a

description of the methods used to analyze the data and the results of the analysis.

Section 5 contains the conclusions of the study, along with  an outline of avenues for

future research .



2 Equipment Selection and Volunteer Recruitment

2.1 Equipment Selection

Forthis study, the subjectsd vehiadeliee(s) cipable ot o
recording the vehicles 8position and speed whenever the engine was operating .
Implicitly, then, it wa s necessary for the device(s) to respond to the key ignition,

and begin loggin g second-by-second data immediately. The research team began the
equipment selection process by evaluating GPS devices, since they are routinely
used to record both vehicle speed and position on a second-by-second basis.

Table 1 provides a list of the port able GPS devices evaluated along with comments
on their suitability for this project . Each of these devices is designed to be installed
in a motor vehicle to record its speed and position over a period of time.  Most of
these devices are designed for fleet monitoring applications, where the owner of

large vehicle fleet can track the movements of each of its vehicles to ensure quality
performance . Other devices are designed for parents to monitor the driving behav  ior
of their teens.

Table 1 Portable GPS Devices E valuate d

Device Manufacturer Comments

Active GPS system. Excellent features but
GO5 GeoTab requires service contract. Cost prohibitive for
short term study.

Passive system. Must be hardwired into vehicle.
GO4v2 GeoTab Not suitable for quick installation in and
removal from volunteer vehicles.

AT-X5 DynaTrack Actlve_GPS_. Requ_lres service contract. Must be
hardwired into vehicle.
BT-Q1000X* Ostarz Eta”?ts;ve GPS recorder. Cumbers ome download

Only records once per hour when the vehicle is

3100 LandSeaAir 4 .
not in motion.
GeolLogger* GeoStats Passive GPS recorder. No longer sold.
TrackStickPro Telespatial Only records every 5 _seconds. Insufficient
Systems memory for study period.
LiveWire Active GPS. Must be hardwired into vehicle.

be
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Device Manufacturer Comments

Advanced Passive GPS. Does not record when the vehicle
TravelEyes2 Tracking is not in motion.

Tech.

Network Active GPS System. Requires service contract .

Fleet Only records at two-minute intervals.

*Purchased and tested in vehicle.

Infrequent data logging, insufficient memory, and slow sate llite -acquisition
precluded most of the devices from being used in our study. Many of the devices
have automatic power -saving features that reduce their data recording and logging
when the vehicle is not in motion . This feature would have prevented the logging of
data at the moment s that are most crucial to this study. Memory limitations
prevented some of the devices from being capable of log ging more than 7 days of
continuous driving data. Since our study sought behavioral information for
representative weekdays and weekends, this limitation was unacceptable. Finally,
several devices were eliminated from consideration because they required a  cost-
prohibitive service contract from the vendor for proprietary software that was not
needed by the research team. The two devices identified with an asterisk in Table 1
were found to be the most suitable when each of these criteria was considered. The
Geologger device was selected for this project, due to ease of downloading and cost.

For each device, the time between the vehicle start and the first recorded GPS data
point depended on the time required to acquire a sufficient number of satellites for
GPS positioning . This varie s between 30 and 120 seconds even when sufficient
satellites are present. Given this lack of information about the activity of the
vehicle before satellite acquisition, realisti ¢ estimates of idling behavior when the
vehicle was started would be impossible using only the GPS device . Therefore, the
team decided to add an on -board diagnhostic (OBD) device to provide engine -
performance data that would be particularly useful  during that initial start -up
period. If the GPS device and the OBD device are synchronized by speed, then the
engine-performance data from the OBD during the initial start -up could be
substituted for the missing GPS data. Table 2 provides a list of the OBD devices
evaluated for use on this project, with comments on th eir suitability.

Table 2 OBD Devices Evaluated

Device Manufacturer Comments

Missing data following the key-on. Unable to
resolve with technical support personnel from
Davis Instruments.

Davis

H *
CarChipRie Instrument s

MiniDL* EaseDiagnostics Seemed to have the features needed.

DynoDashSPD Auterra More expensive than other options.

*Purchased and tested in vehicle.
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Selection of an OBD device for use in this project was more straightforward than
selection of the GPS device. Each of the devices evaluated was reportedly capable of
providing the data needed. However, one was considerably more expensive than the
others, and one of the devices tested seemed to have trouble recording data at start -
up, resulting in omission of the p recise data critical to this study. The MiniDL
device by EaseDiagnostics was selected for this project.

2.2 Institutional Review Board Approval and Volunteer
Recruitment

Measuring driving behavior of Vermonters require d the recruitment of volunteer

drivers and Institutional Re view Board (IRB) approval at the University of

Vermont. IRB approval was critical because human subjects were to be used in the

investigation and those human subjects would not be fully informed about the

purpose of the study. Inorderto avoi d i nfluencing the volunteers?®o
behavior, the recruitment materials stated only that the study was intended to

characterize driver behavior to improve transportation modeling . Obtaining IRB

approval required that the project team develop a  Human Subjects Research

Protocol. The research protocol documentation include d the following elements:

Informed Consent Form
Informed Consent Waiver (for a Deceptive Study)
Recruiting Advertisement Language

Volunteer Survey Questionnaire

=A =4 =4 =4 =4

Data Storage and Security Plan
1 Volunteer Reimbursement Plan

Each of the final elements of the protocol is included in A ttachment A. Protocol
approval was obtained from the University of Vermont on January 21, 2011.

Using this protocol, the team recruit ed drivers to repres ent a range of demographics
and home locations in the state. Full demographic repres entation of Vermont

drivers was not possible due to the limited sample size, but  efforts w ere made to
vary the age, gender, family status, and occupation of the participant s selected for
the study. To this end, the recruiting strategy consisted of gas-pump-top advertising
billboards at three service stations in the following dispersed locations throughout
the state:

1. Shell station at 75 S Winooski Ave in Burlington, Vermont
2. An independent station at 115 Main St in Orleans, Vermont
3. Lukoil station at 352 N Hartland Rd White River Junction, Vermont

Four (4) billboard faces were made available to drivers filling their gas tanks at
each station. The bil Iboard used is shown in Figur e 2.
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Help Improve Transportation for All Vermonters
VOLUNTEERS NEEDED

Free $25 Gas Card for Study Volunteers

The University of Vermont Transportation Research Center is ]m.\L‘iug for

licensed drivers for a two-week-long study of driving behavior. A GP8 recording

device will be plu;gwl into the OBD port of your vehicle and you will be asked to use your vehicle to travel

as you normally would for a p-:riml of two weeks. During this time, the speed and location of your vehicle will be

recorded and stored in the GPS device. All data collected will be anonymous and strictly confidential.

For additional information and to volunteer please see www.uvm.edu/ " transcir

A $25 pre-paid gas card will be provided }t{ .’L;I\I'\'I\'ERSIT\"
to all study participants. =1 7 VERMONT

| TRANSPORTATION RESEARCH CENTER

Figure 2 Billboard Faces Used for Volunteer Driver Recruitment

The team used a incentive strategy ($25 pre -paid gas station gift car ds) to increase

the participation rate. As shown in Figure 2, potential volunteers were directed to
the TRC website, where a link was set up to a recruitment survey. Preliminary

demographic information was coll ected through
suitability for the study was assessed. Each of the questions included in the survey
was consistent with questions used in person-section and the vehicle -section of the

2009 National Household Travel Survey (NHTS), which included 1,690 households
in Vermont.

Completed surveys were received from a total of 40 people - another 13 potential
respondents started, but did not complete, the survey. Eight of these respondents
had vehicles that w ere unsuitable for the study & four of them drove hybrid
vehicles, which do not idle, three drove vehicles manufactured before 1996, the year
that OBD ports were first required in US automobiles, and one drove a motorcycle.
Four other respondents withdrew during subsequent email communications, one
volunteer had moved out of state, another would not be available for the Winter
2012 study, and two withdrew for undisclosed reasons.

Expecting that some of the drivers from the S ummer 2011 study group might not be

able to continue into the Winter 2012 study, the data collection was initiated with
all 28 eligible drivers. At the start of the data collection, two vehicles were

discovered to have faulty 12V power outlets and were dro pped from the study, so 26

drivers completed the Summer 2011 data collection period.

Analysis of the summer data revealed a problem using data from vehicles where the
12V adapter did not shut off with the engine. Because of this problem, three
volunteers from the Summer 2011 period were not asked to participate in the
Winter 2012 period. In addition, one volunteer moved out of state, another did not
respond to repeated scheduling requests, and a third could not participate due to a

12
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conflict with a car ins urance study. The Winter 2012 data collection period
therefore included only 20 returning volunteers.
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3 Data Collection

The data -collection period for each vehicle for this project was intended to be 14-
days. Using a consecutive 1 4-day collection period en sures that weekday and
weekend driving behaviors are represented in the data . Both devices were
ascertained to have enough data logging storage for the average number of second -
by-second data points that would be accumulated over a 1 4-day period. Seasonal
representation was to be achieved by instrumenting each vehicle twice: once in
warmer months of the summer and once in colder winter months.

UVM TRC staff coordinated with volunteer drivers to meet at their workplace so

that the devices could be installed . At this initial meeting, drivers were provided a
consent form to sign, the $25 gift card, and return packaging for the devices. UVM
TRC staff developed the Participant Vehicle Set-Up Checklists (provided in
Attachment B) to ensure that consistent, comple te procedures were followed for all
drivers during this initial meeting. Participants were contacted and reminded to
return the data -collection devices once the 14-day period had elapsed.

3.1 Device Data Downloading and Pre -Processing

3.1.1 OBD Data

EaseDiagnostics, the manufacturer of the OBD data logger, provides a proprietary
software package for accessing and exporting the recorded OBD data (see Figure 3).
The OBD logger saves individual data files for each key -on to key-off vehicle
operating -period as well as a single log file that contains summary metada ta for
each of these operating -periods. This metadata includes the date, start time and
duration of each operating -period and is a prerequisite for synchronizing the OBD
and GPS data. Unfortunately, the operations log is not downloadable an d, therefore,
accessng this data required obtaining a screen capture like the one in Figure 3 and
use of character -recognition software to read the metadata off the screen capture.

The individual operating -period data files contain the actual second -by-second
engine performance data and can be exported as comma-separated-value files. To
expedite the download process, all data files for a given day were saved in a single
daily data file.

14



% MINI DATA LOGGER P=Er =
Configure Data Logger Retrieve Recorded Data | Set Date/Time
Trips Currently Stored in Data Logger

Trip Date Started Duration DataSize PIDCount -

» 1 01:07:03 pm ] ] e
2/03/08/2012 03:16:41 pm 00:38:37 0 0 4

| 3 03/08/2012 03:58:57 pm 00:26:06 0 0
B 4 03/08/2012 04:27:17 pm 00:14:30 0 0
| 5 03/08/2012 04:50:36 pm 00:02:47 0 0
| 6 03/08/2012 05:18:29 pm 00:13:40 0 0
| 7 03/08/2012 05:36:22 pm 00:32:29 0 0
| 8 03/10/2012 11:52:24 am 00:34:06 0 0
B 9/03/10/2012 12:39:21 pm 00-06:49 0 0
| 10 03/10/2012 | 12:49:28 pm 00:10:09 0 0
| 11/03/10/2012  01:48:12 pm 00:18:27 0 0
B 12 03/10/2012 | 03:27:09 pm 00:19:07 0 0
| 13031042012  03:51:35 pm 00:14:32 0 0
B 14 03/10/2012  04:09:01 pm 01:00:58 0 0
: 1503/11/2012 07:06:54 pm 00:13:22 0 0
[+ Include DTCs, /M, and Freeze Frame from Last Trip
| [*] Playback |§ave... || Save All.. ” gé‘glearTrips | X Close | ? Help

Figure 3 Screen -Capture Needed to Obtain  Metadata

The downloaded daily OBD data contains the following fields:

Frame & the sequential record number of the downloaded data
Time 0 the time elapsed from the start of recording (in seconds)
TP & the absolute throttle position (% of full)

VGFORCE 06 acceleration (G)

f
il
f
1
1 RPM 0 the engine speed (rpm)
1

VSS 0 the vehicle speed (mph)

Once the data had been down loaded from each device, several preprocessing steps
were applied prior to the synchronization process described in Section 3.1.3. These
steps included separating the daily data files back in  to individual vehicle operating -
periods, identifying and indexing all of the ZSEs in the OBD vehicle speed data, and
calculating several aggregate variables such as the total number of key -on events
and total vehicle operating time across the entire study period.

Initial data assessment determined which derived variabl es were needed analysis .
These new fields consisting of aggregated data that would be necessary to facilitate
the analysis. Therefore, new fields were added in Matlab under three new data
0str uc tavebdisledbased structure, a day -based structure, an d an operating -
period-based structure , from queries of the operating -period log and the daily data
The new fields created under these str uctures are described in Table 3 .
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Table 3 New Fields Created in the OBD Data Under New Data St ructures

Variable Name Description

Vehicle structure stores aggregate data from the vehicle over the study period.

InstallDate The date of the OBD installation
AnalysisDate The first day the vehicle was driven after the InstallDate
Allows us to skip the install day in analysis.

ValidDate The date of the first valid data file. Because the OBD
records overwrite existing operating -periods when its
memory is filled, this date is later than the StartDate for
some vehicles.

FirstValid Operating - The first operating -period with valid data .
Period

Analysis Operating - Index to first operating -period to analyze. This is the first

Period operating -period on the AnalysisDate if all operating -
periods are valid, or the first valid operating -period if the
ValidDate is later than the AnalysisDate.

Total Operating -Periods The total number of operating -periods in the operating -
period log

Valid Operating -Periods The total number of operating -periods with valid data

InstalledDays

DriveDays

ValidDriveDays

ValidDaylndex

Number of day the vehicle was instrumented

Number of days the vehicle was turned on while
instrumented

Number of days the vehicle was turned on and valid data
recorded

The day number of the first valid data file.

Day structure stores summary data for each day .

Date

ValidFlag
Operating -
PeriodsPerDay

Operating -
Period Duration

The date

True if valid data is available for all  operating -periods on

this date

The totals number of operating -periods on this day

A vector with the duration of each operating -period on

that day

16



Variable Name Description

StartTimes A vector with the start time (as fraction of 24  -hours) for
each operating -period

RawOBDData May be faster than second -by-second

OBDDat a Data in second -by-second format

Operating -period structure includes daily data for each individua | operating -period
(from a key-on to a key-off)

Date Date that the operating -period takes place
StartTime Time of day that operating -period began
Operating - As recorded in the operating -period log

Period Duration

OBDData Second-by-second daily data for this operating -period
OBDDuration Duration of entire recording ( seconds)

ZeroSpeedEvents Duration of each zero speed event (seconds)
ZeroSpeedlndex First and last rows in a zero speed event
ZeroSpeedOperating - Duration of ZSEs that occur at the start or the end ofa n
Period Ends operating -period (seconds)

PercentZero Total zero -speed duration + duration of entire recording

The OBDData variable saves the original daily data from the device. The critical
new fields in the data set are ZeroSpeedEvents and ZeroSpeedOperating -

Period Ends, which a re used extensively in the subsequent analysis. Other new
fields were needed for error checking a nd synchronization of OBD and GPS data.
The complete code is included in Matlab functions under CO_CreatelnputStructure
and C1_OBDFunctions , provided in Attachment C.

3.1.2 GPS Data

Data logged by the GPS devices was available for download using the download
utilit y provided by GeoStats (Figure 4 ).
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Figure 4 GPS Data Download Utility

All data recorded to the GeoLogger is downloaded in a single file . The GPS data is
recorded on a second-by-second basis and contains the following field s:

1 Valid 0o flag i dentifying the first record after a satellite signal has been
acquired

Latitude 0 Latitude of the vehicle position
Longitude 0 Longitude of the vehicle position
Time & clock time (00:00:00)

Date

Speed 0 vehicle speed, in miles per hour
Heading o direction of travel (0 to 360 degrees)

Altitude 0 Altitude of the vehicle (feet above mean sea level)

=A = =2 =4 -4 =4 -4 -4

HDOP 0 horizontal dilution of precision (DOP) is an indication of the quality
of the results that can be expected from a GPS point position

1 Satellites & the number of satellite signals contributing to the GPS point
position
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Once the GPS data had been downloaded from each device, pre-processing of the
GPS data began with the separation of GPS data by day and then into individual
operating -period segments. A GPS operating -period segment is the set of continuous
GPS records between instances of acquiring satellite lock , as indicated in the
ovValiddé field

New variables were also derived from the GPS data stream that crucial to
synchronizing with the OBD data and answering the specific research questions
These new fields consist ed of aggregated data and were added in Matlab under the
new data structures created previously for the OBD data . The new fields created
under these str uctures are describe d in Table 4.

Table 4 New Fields Created in the GPS Data Under the New Data Structures

Variable Name Description

Day structure stores summary data for each day.

Date The date

Segmentindex

SegmentsPerDay

Elapsed Elapsed time between records

DeltaHead Heading change between two consecutive second -by-
second records

DeltaDist Distance change between two consecutive second -by-

second records

OBD Operating -
Period Number

OBDStartTimes
StartTimes

SegmentNumber

Operating -period structure includes GPS data for each individual operating -period,
from a key-on to a key-off.

Date Date that the operating -period takes place

StartTime Time of day that operating -period began

Operating -Period Duration As recorded in the operating -period log

OBDData Second-by-second daily data for this operating -
period

18



Variable Name Description

OBDDuration Number of seconds of records

Lat Latitude of the vehicle position, directly from the
downloaded data

Long Longitude of the vehicle positio n, directly from the
downloaded data

Speed Speed recorded by the GPS device, directly from the
downloaded data

ZeroSpeedEvents Duration of each zero speed event

ZeroSpeedIndex First and last rows in a zero speed event

ZeroSpeedOperating - Duration of ZSEs that occur at the start or the end

Period Ends of an operating -period

PercentZero Total zero -speed duration [/ duration of entire
recording

The critical new fields in this data set are Lat, Long, and DeltaHead , which are
used extensively in the subsequent analysis to identify discretionary idling . Other
new fields were needed for error checking and synchronization of OBD and GPS
data. The complete code is included in the Matlab functions shown under
C2_GPSFunctions, provided in Attachment D

After the data had been separated into operating -period segments, several data
quality checks were undertaken that revealed that the GPS data included many
guestionable records and many gaps in the second -by-second data. For any periods
where the elapsedtime ( 0O El apseddé betwedhaeedrds wds)greater than one
second, blank rows were inserted so that there is a record for each second in the
GPS datastream.Questi onabl e records, including those f
interrupted the speed and hea ding data with an abrupt change to 0 for one or more
records, and then an abrupt change back to the previous values for these fields.

These types of questionable GPS records have been noted in several prior studies by
the team. The questionable records are often associated with low (less than 6)
values in the S atellites field, but are not flagged in any way. Some of these
instances can be identified by a deceleration or heading shift that is not physically
possible, but others cannot be conclusively identi fied in any way. Questionable
records were identified by calculating the distance between consecutive records and
comparing it to the speed recorded by the GPS device.

DeltaDist calculates the distance traveled, d, from one GPS position, n, to the next,
n+1:

Q Y 42 ¢zOEl OEW o Tg AT®zAT® 2z OEW o 7T¢ )

where Rearth is the radius of the Earth in feet (20,902,143.3) and x and y are the
latitude and longitude of the coordinates, respectively, in radians
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This distance was used to check for questionable speed data in the GPS records.

Questionable records were flagged as such, for the heading and speed data, where

this distance did not concur with the distance that should have been traveled if the

speed between two consecutive points was accurate. Based on this assessment, and

the fact that records between the key -onandthe deviceds communication wi
satellites cannot be recorded in the GPS data, the team decided to rely on the OBD

data for the base or reference vehicle speeds. The GPS data is of value for positional

information: the latitude/longitude and the heading (although the heading data

should be used with caution ).

3.1.3 Synchronization of GPS and OBD Data

A synchronization process was implemented in Matlab to align each data stream
based on the speed records. The synchronization process assigns GPS operating -
period segments to corresponding OBD operating -periods based on the start times of
the GPS operating -period segments and the OBD operating -periods. The process
also concatenates GPS operating -period segments that are part of the same OBD
operating -period into a single GPS operating -period. Because the GPS generally
took longer to begin recording data than the OBD, the first record in the GPS data
rarely corresponded with the first record in the OBD data. Instead, since both
devices stop recording when the ignition is turned off, the  process aligned the
datasets backward from the final record in each dataset. To account for slight
discrepancies in the sampling rate, the program automatically adjusted the
alignment by a few seconds in either direction and selected the alignment that
produced the highes t correlation coefficient betwee n the GPS and OBD speed
records. The complete code for this process is included in the Matlab function
provided in Att achment E.

In rare cases, t he vehicle ignition was left in  daccessoryd mode after the engine was
turn ed off resulting in a longer record in the GP S data than the OBD data. This
caused a significant misalignment between the OBD and GPS speed, as shown in
Figure 5. The Matlab code corrects this problem automatically by cutting the fina |
string of zero -speed records in the GPS data to the same length as the OBD data . If
there is missing GPS data in these records, however, this correction process is
inadequate. In these instances, the correction had to be made manually.

50 T T T T T T T T T T
— OBD Speed
—— GPS Speed -

w B
[=] =]
T T

~
\

Speeed (MPH)
b
T

| | | | 1
250 300 350 400 450
Elapsed Time (Sec.)

I
200 550

Figure 5 Misalignment of GPS and OBD Data Prior to Automated Correction Process
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3.2 GIS Data Collection

In order to analyze the vehicle position data from the GPS, it was necessary to
import the data into a GIS environment. For this analysis, a variety of GIS layers
were gathered from the Vermont Center for Geographic Information (VCGI) to map
the GPS points and determine if the vehicle was operating in the  roadway at each
point. The layers gathered include:

T Vermont Town Boundaries
T Vermont Town Parcel Boundaries

In addition, a layer of all roads and streets in Vermont, the rest of the New England
states, New York, New Jersey, and Pennsylvania was used for the GPS analysis .
This layer has exceptional coverage, even for minor roads, lan es, alleys, and some
driveways, for the entire United States and its territories, based on 2007 Census
Bureau files with add itio nal enhancements by the Caliper Corporation .
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4 Data Analysis and Results

Following pre -processing, the valid, usable OBD and GPS data for 17 volunteers in
the summer group and 18 in the winter group was merged, yielding a total of 8,101
zero speed events (ZSEs) 6 4,509 in the summer and 3,593 in the winter . The
aggregate data set included data from 20 separate volunteers. Table 5 includes
descriptive data regarding these 20 volunteers.

Table 5 Descriptive Data on Volunteer Drivers

Characteristic

(continuous) Average Maximum Minimum
Age (years) 37 54 22

No. of Vehicles 2 5 1
E(;Lssoenhsolzjn 3 > 1
Income Range!l $62,250 $100,000 or more Less than $10,000
iﬁg;;pmfg 14,000 26,000 4,000
Vehicle Age 7 years 16 years 1 year
Characteristic Most Common

(categorical) Answer Second Third
Volunteer Gender 70% female 20% male 10% no answer
Home Ownership 60% own 40% rent

Employment
Status

Education 2

Type of Vehicle 2

85% full -time

40% bache
degree

55% automobile /
car / station wagon

5% part-time

40% graduate /
professional

15% SuV

10% no answer

10% some college /
associates degree

5% van

Notes:

1. The average income range was found by using the mid

-point of each income range.

2. The balance of the responses for these characteristics did not provide an answer.

All of the volunteers
driver of their vehicle, and

include d in the study responded that they were the primary
that no one else drove the vehicle regularly. The set of

20 volunteers reside in 14 different towns in Vermont and work in 12 different
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towns. Towns represented by volunteer & work and home locations are shown in
Figure 6.

Figure 6 Towns Represented by Volunteer Drivers
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